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Introduction
The mineralogical composition of the bauxites is a key indicator for setting up all parameters of Bayer technology. The Sierra Leone bauxite mineralogical particularities are little known in the scientific literature over this topic. For this reason, this kind of bauxite was used only as a sweetener in different processing schemes of other bauxites. To use it like gibbsite raw material for alumina fabrication imposes a more detailed knowledge of this bauxite mineralogical structure based on the most sophisticated instrumental analysis methods. Tables 1 and 4 .
Mineralogical analysis of the bauxite and red mud samples
Samples preparation for the XRD diffractometric analysis. Samples preparation was made according [1] . Samples were homogenized and from each sample two specimens were separated: a) From each sample of about 2g, a specimen was hand crushed in an agate mortar for micronization (below 40 μm) and homogenization. This was used for the phase qualitative analysis (qualitative mineralogy);
b) The second specimen of each sample was mixed with a known quantity of pure spectral ZnO. In this way samples with a controlled ZnO content were obtained. The zinc oxide was used as an external standard (it was not component in the initial samples). Zinc oxide allows correction of the experimental data and is a reference material required for the phase quantitative analysis. This sample was crushed (according to [4] ). Calibration of the diffraction instrument concerning the position, intensity and shape of the maximum points of diffraction was made according to [5, 6] For the quantitative determinations, the external standard methods, described by O'Connor & Raven [14] and Madsen & Scarlet [15] , were used.
In the specimen submitted to the Rietveld analysis, a known quantity crystalline ZnO (zincite) was added. In this approach, the mass concentration of each mineral identified is quantified in comparison with the external standard zincite. The amorphous material content is given by the difference between 100 % and the sum of all crystalline phases concentrations identified and quantified. The content of amorphous material determined in this way actually represents the solid amorphous phases, the liquid phases retained into amorphous mass porosity (humidity, salts solutions, etc.), the poor crystallized phases and/or undetected amorphous or crystalline phases.
The qualitative analysis of the bauxite samples enabled the identification of the following mineralogical phases:
Crystalline We mention that this approach was used and successfully validated in more studies concerning the X-rays diffraction performed for the identification and quantification of the products obtained during the thermal decomposition of the alumina hydrates. (Gan et al. [16] ). Related to the residues from the sample dissolution in HCl, the phase quantitative analysis was achieved by Rietveld method, assuming that all identified phases are crystalline.
In this approach, the sum of the mass concentrations of all quantified crystalline phases is 100 %. In this context, the amorphous material content (that generally refers to the poor crystallized phases and/or undetected and/or liquid retained in the porosity of studied powder) was ignored being considered negligible.
Experimental results

DRXP Analysis.
The results of the Rietveld quantitative analysis performed on the bauxite samples prepared for the mineralogical phases identification are presented in Table 2 . The data in the Table 2 show that the Sierra Leone bauxite has a variable content of gibbsite (as major aluminium carrier phase), which depends on the main source and the main source location. The particularly structure of this type of bauxite is determined by the presence of alumino-goethite as a prevalent phase between the iron compounds identified in this product. In general, and in Sierra Leone bauxite in particular, even the hematite present in the Sierra Leone bauxite is an aluminous hematite with a significant content of aluminium substituted in the hematite crystal lattice (the iron concentration is 7-8 % atomic).
In alumino-goethite, the aluminium substitution in the goethite crystal lattice reaches up to a concentration of 22-25 % atomic. The alumino-goethite is mostly found as a fine and uniform crystallized product, having the crystallite size below 10 nm. The concentration of this aluminumgoethite varies between 17 and 25 % from the bauxite mass. The alumino-goethite coarse fraction, rising up to 2-5 % of the bauxite mass, is irregular and it consists of highly deformed crystallites having variable sizes ranging between 20 and 50 nm.
The data in the Table 3 show that the gibbsite is a minor phase in the red mud composition. The Al 2 O 3 constituent in the red mud is trapped into alumino-goethite and in the aluminous hematite. It is obvious that the washing of this type of red mud should be limited to the removal of soluble aluminium and sodium, and a highly-efficient washing means a full recovery of the unbounded sodium from the red mud mineralogy (actually, the sample was intensively washed to clean out the insoluble phases for which are similar to those of the gibbsite content in bauxite samples. Basically, the mass ratio between these components determines the fine structure of the Sierra Leone bauxite chemical composition.
The SiO 2 contribution to the bauxite composition is minor, but it is technologically significant (see the unwanted excess in the IRM EIII sample). Therefore, the mass ratio gibbsite / (aluminous goethite + aluminous hematite) should be considered as the main characteristics to define the technological value of the Sierra Leone bauxite. (Table 5) . Hence, the mass ratio Fe/Al in the two mineralogical phases can be considered as the second main characteristics to define the technological value of the Sierra Leone bauxite.
The disparity between the mass fractions of alumino-goethite and aluminous hematite is emphasized in Fig. 3 by an exclusive presentation of iron content mineralogical phases distribution Alumino-goethite is present in the crystallographic structure of Sierra Leone bauxite under two distinct forms: a fine form with the crystallites sizes of 7-10 nm and a coarse form with the crystallites sizes of 20-50 nm. The fine form is a fundamental phase created during the ore deposit bauxitization.
The coarse form is a secondary phase, which appeared during the transformations occurring after bauxitization. According to the Table 7 , the concentration of the alumino-goethite fine form is predominant in all three bauxite samples, confirming as in the case of Al 2 O 3 chemical constituent, the unitary type of the ore deposit, out of which the analyzed bauxite samples came from. Consequently, the aluminous goethite / aluminous hematite mass ratio and the fine fraction/coarse fraction mass ratio in the alumino-goethite phase should be overall considered as the third main characteristics to define the technological value of the Sierra Leone bauxite.
Ilmenite is a minor fraction in the Sierra Leone bauxite and its technological role is null.
Silica distribution per mineralogical compounds has little technological relevance. According to the Fig. 4 (Table 6 ), in the samples MG and IRM E III the mineralogical compounds with silica content especially the kaolinite content, should be considered as the forth main characteristics to define the technological value of the Sierra Leone bauxite (Tables 1-4 In the Table 9 and 10 Concerning the XRF analysis, the difference between the sums of the major compound concentrations is below 100 %, and the difference is the overall concentration of the other chemical compounds.
Concerning the DRXP analysis, the calculation is the same, but accounting for in the terms of crystalline phase proportions.
Values from the This particular feature in bauxite and red mud composition may be used to make some considerations about the amorphous phase chemical composition. So far, the differences between the XRF and DRXP analysis data for MG bauxite and the red mud coming from the bauxite, converted in the terms of chemical constituents, are accounted as amorphous phases and recorded as total difference in last line of the Table 11 .
Mass balance of the chemical constituents in DRXP data and respectively, in XRF data shows that all the main chemical constituents coexists in both materials as crystalline and amorphous phases.
Because the available alumina in Sierra Leone sample was found 37.0 % and the gibbsite crystalline 
